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(54) Abstract Title 

CDfVIA receiver with variable sampling rate 

(57) A CDMA spread spectrum receiver determines the state of reception 60 e.g. by measuring signal power, 
or the SIR (Signal Interference Ratio), or the BER (bit error rate) etc, and sets the sampling rate on the basis of 
this measurement 61. A correlation 58 is performed between a local reference code sequence 57 and a spread 
data sequence obtained by sampling the received signal at the set rate. When the reception state is good, e.g. 
when the signal power or SIR is high, or the BER is low, the number of oversamplings per chip is reduced 
leading to a reduction in power consumption. Conversely, the sampling rate is increased when the reception 
state is poor. The sampling rate may be varied on the basis of more than one measure of the reception state, 
e.g. the rate may be set in dependence on the reception field strength at an Initial stage and then set in 
dependence upon signal power or SIR. 
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CDMA RECEIVERS 



5 This invention relates to CDMA receivers. 



10 




Competition to develop ever smaller terminals in 
1 5 the field of modem mobile commiinications is intense and 
there is a need to reduce the power consumed by these 
terminals . 

Digital cellular wireless communication systems 
\ising DS-CDMA (Direct-Sequence Code Division Multiple- 

20 Access) technology have been developed as next- 
generation mobile communication systems for implementing 
wireless multimedia communication. In a CDMA digital 
cellular wireless communications system of this kind, a 
base station transmits control information and user 

25 information upon multiplexing the information with a 

spreading code. Individual mobile stations receive the 
control information from the base station, spread the 
transmission information using a spreading code 
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specified by the base station and then send the. 
information. By accepting this control information, 
each mobile station is capable of performing a variety 
of control operations. For example, the mobile station 
5 performs position registration and acquisition of 

information concerning base stations in the area and 
carries out control for call origination and incoming- 
call standby. In order for a mobile station to receive 
control information from the base station in a CDMA 
10 digital cellular wireless commxmications system of this 
kind, it is necessary to identify the start timing 
(phase) of spread data that has undergone spread- 
spectrum modulation. 

Fig. 13 is a diagram showing the construction of a 
15 CDMA transmitter in a base station device which sends 
transmission data of control and user channels upon 
code-multiplexing the data. , The transmitter includes 
spread-spectrum modulators 1 1 1 - Hn of respective 
control/user channels, each having a frame generator 21, 
20 a serial/parallel (S/P) converter 22 for converting 

frame data to parallel data, and a spreading circuit 23, 
The frame generator 21 includes a transmission data 
generator 21a for generating serial transmission data 
Di, a pilot signal generator 21b for generating a pilot 
25 signal P, and a framing circuit 21c for forming the 

serial data Di into blocks a prescribed number of bits 
at a time and inserting the pilot signal P before and 
after every block to thereby form frames. The pilot 
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signal, when all "Vs, for example, allows the receiver 
to recognize the amount of phase rotation caused by 
transmission so that the data may be subjected to a 
phase rotation of an equivalent amount in the opposite 
5 direction* 

The S/P converter 22 alternately distributes the 
frame data (the pilot signals and transmission data) one 
bit at a time to convert the frame data to I-component 
(in-phase component) data Di and Q-component 
10 (quadrature-component) data Dq. 

The spreading circuit 23 includes a pn sequence 
generator 23a for generating a pn sequence (long code) 
specific to the base station, an orthogonal Gold code 
generator 23b for generating an orthogonal Gold code 
15 (short code) specific to the control channel and user 
channel, an EX-OR gate 23c for outputting a spreading 
code Ci by talcing the exclxisive-OR between the long code 
and the short code, and EX-DR gates 23d, 23e for 
performing spread-spectrxim modulation by taking the 
20 exclusive-ORs between the data Dj and Dq (symbols) 

respectively, and the spreading code Ci . It should be 
noted that since "1" is level -1 and "0" is level +1, 
the exclusive-OR between signals is the same as the 
product between them. 
25 Also shown in Fig. 13 are a combiner 1 2i for 

outputting an I-component code-multiplexed signal SVi by 
combining the I-component spread-spectrum modulated 
signals Vj output by the respective spread-spectrum 
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modulators 11i - 1 1 n of the user channel; a coitibirver 1 2q 
for outputting a Q-component code-multiplexed signal ZVq 
by combining the Q-component spread-spectrxom modulated 
signals Vq output by the respective spread-spectrvim 
modulators 11 1 - lU; FZR-type chip shaping filters 13i, 
13q for limiting the bandwidtlis of the code -multiplexed 
signals Svi, ZVq, respectively; DA converters 14i, 14q 
for converting the analog outputs of the respective 
filters 13i, 1 3q to analog signals; a quadrature 
modulator 15 for applying quadrature phase-shift keying 
(QPSK) modulation to the code-multiplexed signals SVj, 
£Vq of the I and Q components and outputting the 
modulated signal; a transmitting circuit 16 for 
converting the output signal frequency of the quadrature 
15 modulator to a radio frequency, applying high-frequency 
amplification and then outputting the signal, and an 
aintenna 1 7 . 

Fig. 14 is a diagram illustrating the construction 
of the receiver of a mobile station. The receiver 

20 includes an antenna 21 ; a receiver circuit 22 for 

performing amplification and frequency conversion from 
KF (radio frequency) to rF (intermediate frequency) ; a 
QPSK detector 23 for performing QPSK detection and 
outputting I, Q signals; an AD converter 24 for 

25 converting baseband analog I, Q signals, which are the 
detector outputs, to digital I, Q data, respectively; a 
despreading circuit 25 for performing despreading by 
multiplying the I, Q data by a spreading code sequence 



identical with that of the base station; a data 
demodulator 26 for performing synchronous detection, 
data discrimination and error correction; and a searcher 
27, 

The searcher 27 has a matched filter 31 for 
performing correlation, a timing identification unit 32 
for identifying spread start timing (phase) , and a code 
table 33 for generating a reference code sequence. 
The matched filter 31 perfoi^ns a correlation operation 
between a received spread data sequence and the 
reference code sequence in order to identify the 
despread start timing. The timing identification unit 
32 acquires the spread start timing (phase) based upon 
the tdLming at which a correlation value between the 
received spread data sequence and the reference code 
sequence exceeds a set level. 

Fig. 1 5 is a diagram useful in describing the 
structure of the matched filter and a method of 
specifying despread timing. The matched filter 31 
includes an (n-Hl)-chip shift register (sq - Sn) 31a for 
successively shifting a spread data sequence of the 
baseband at the chip frequency fc; an (n+1)"chip shift 
register (cq - On) 31b for storing the spreading code 
sequence, which is the reference code sequence, at the 
chip frequency; (n+1 ) -number of mxiltipliers (MPq - MPn) 
31.C for multiplying corresponding bits of the baseband 
spread data sequence and reference code sequence; and an 
adder circuit 31 d for adding the outputs of the 
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multipliers . 

When the correlation between the received spread 
data sequence and reference code sequence is calculated 
by the matched filter {MF) 31 , the correlation value 
5 becomes large at the moment the spread data sequence and 
reference code sequence coincide. Accordingly , the 
- timing identification unit 32 monitors the correlation 
value output by the matched filter 31 , identifies the 
moment the correlation value exceeds the set level as 
10 being the despread start timing and outputs a signal 
indicative of this. 

The foregoing relates to a case where the input to 
the shift register 31a is a spread data sequence 
obtained by sampling the output signal of the quadrature 
15 detector 23 (Fig, 14) at the chip frequency fc and 

converting this analog signal to digital data. A single 
correlation value is obtained per chip. However, if the 
sampling frequency is made high, a plurality of 
correlation values can be obtained per chip. Fig. 1 6 is 
20 a diagram for describing the results of simulation 
indicating the relationship between number of 
over samplings and correlation-value output • Fig. 16 
shows the correlation-value output of the matched filter 
at the time of eight oversamplings whose sampling 
25 frequency is equal to 8 xf<^. The simulation conditions 

are as follows: 

(1) spreading code: M sequence (x'*^ + x*^ + 1 ) 

(2) spreading rate: 16 
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(3) number of matched-filter taps: 256 

(4) roll-off characteristic: siibstituted by sine 
curve 

It is evident from this correlation-value output 
5 characteristic of the matched filter that eight 

correlation values can be obtained per chip by eight 
oversamplings . For example, assxime that the 
correlation-value output when the location on the eye 
pattern having the largest opening is sampled is 1 • The 
10 output declines by about 0.5 dB when the offset is 1/8 
chip and by about 3 dB when the offset is 2/8 chip. 
There is no correlation value output when the offset is 
4/8 chip. 

(1) If the sampling frequency is made n times the 
15 chip frequency, i.e., if there are n oversamplings, 

correlation values can be obtained at phase intervals of 
1 /n chip. Accordingly, in comparison with a case in 
which the sampling frequency is equal to the chip 
frequency, the timing at which the correlation value is 
20 maximized, namely the despread timing, can be obtained 
at a phase precision that is n times greater. 

(2) It will be understood from the correlation- 
value output characteristic of the matched filter that a 
correlation output is not obtained unless the timing of 

25 the correlation calculation of the matched filter is 

shifted from the normal timing by ±1/2 chip or more, and 
that the correlation output becomes small if the phase 
difference takes on a large value, even if the shift 
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(phase difference) is less than 1/2 chip. 

Fig, 1 7 is gxaph showing the relationship between 
the receiving line quality (C/N ratio) and BER (Bit 
Error Rate) in a case where the nximber n of 
5 over samp lings is 4, 8^ 16. Nxjmeral 1 in Fig. 17 denotes 
a BER - C/N ratio characteristic at the time of foxzr 
over samplings (n = 4) , 2 a BER - C/N ratio 
characteristic at the time of eight oversamplings, and 3 
a BER - C/N ratio characteristic at the time of 1 6 
10 overs ampling-s • The larger the niimber of over samp lings, 
the smaller the BKR for the same C/N ratio. 
Accordingly, it will be understood that even in a case 
where the state of reception is poor, the BER can be 
made small if the nximber of over samplings is increased. 
15 in a case where despreading is performed, a 

despread output will not be obtained if the despread 
timing is shifted by one chip. The larger the phase 
shift, the smaller the despread output. In particular, 
if the reception level is low, the influence of the 
20 phase shift is large and the bit error increases owing 
to the phase difference. In the prior art, therefore, 
the sampling rate of the matched filter is raised to 
improve the precision with which the despread start 
timing is detected. 
25 However, as shown in Fig, 15, the matched filter 

comprises the two shift registers 31a, 31b for the 
baseband spread data and reference code sequence, 
respectively, the multiplier circuit 31c for multiplying 



" 9 - 



the baseband spread data and reference code sequence,, 
and the adder circuit 31 d for adding the outputs of the 
multipliers. Furthermore, the A/D converter 24 (Fig. 
14) is connected to the matched filter 31, When these 
5 components are included, the circxxitry becomes extremely 
large in scale, and the higher the operating frequency, 
the greater the power consximed. Thus, achieving a low 
power consximption is difficult. As a consequence, this 

CDMA receiver, in which the sampling rate 

10 of the matched filter is made high, constmies a large 
amoTint of power • This is a problem that needs to be 
solved. 

Accordingly, it is desirable 

1 5 to provide a CDMA receiver in which power consumption 

can be reduced and which is capable of maintaining the 

precision with which despread timing is detected. 

an embodiment of the present invention , can pTOvide a CDMA 



20 receiver comprising a reception-state detector for 

detecting state of reception, a sampling controller for 
deciding sampling rate in conformity with the state of 
reception, a correlator (matched filter) for calculating 
a correlation between a reference code sequence and a 

25 spread data sequence, which is obtained by sampling a 
received signal at the above-mentioned sampling rate, 
and a timing detector for obtaining a timing at which 
the correlation value is maximized and adopting this 
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timing as despread start timing. More specifically, if 
the state of reception is good, the nuinber of 
o^ersarpLLn^ can te reduced and the operating speed of the 
matched filter c^belowerai, thereby making it possible to 
5 reduce power constunption. If the state of reception is 
poor , the nximber of oversamplings can be arOargad to improve 
the precision with which despread timing is detected. 

Examples of detectors that can be used as the 
reception-state detector for detecting the state of 

10 reception are (1) a field-strength detector for 

detecting the electric field strength of a received 
signal, (2) an AGC control-voltage detector for 
detecting the control voltage of an AGC circuit, (3) a 
power detector for detecting signal power after 

15 despreading is performed, (4) a SIR detector for 

detecting the SIR (Signal Interference ratio) after 
despreading is performed, and (5) a bit error-rate 
detector for detecting the bit error rate of a received 
code, 

20 In a p^Eerred sTtJcdiirBnt, at the initial sta^ of central, sarpling rate is 

controlled in dependence upon the reception field 
strength or AGC control voltage and then sampling rate 
is controlled in dependence upon despread- signal power 
or SIR, or sampling rate is controlled further in 

25 dependence upon bit error rate. If this arrangement is 
adopted, the sampling rate of a matched filter can be 
controlled from an early stage at which channel 
estimation has not yet been made, such as at the time of 
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initial synchxonization, the time needed for the 
sampling rate to converge to the optimum rate can be 
shortened and power consumption of the CDMA receiver can 
be reduced. 

Reference will now be made, by way of example, to 
the accompanying drawings, in which: 



10 Fig. 1 is a block diagram showing a first 

embodiment of a CDMA receiver according to the present 
invention; 

Fig* 2 is a block diagram showing the construction 
of a wireless unit and baseband unit; 
15 Fig. 3 is a diagram showing an example of the 

construction of peripheral circuitry of a sampling 
controller; 

Fig. 4 is a flowchart of processing for deciding 
number of oversamplings ; 
20 Fig, 5 is a block diagram showing a second 

embodiment of a CDMA receiver according to the present 
invention ; 

Fig, 6 is a block diagram showing a third 
embodiment of a CDMA receiver according to the present 
25 invention; 

Fig, 7 is a diagram showing an arrangement for 
calculating power; 

Fig. 8 is a block diagram showing a fourth 
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embcdiment of a CDMA receiver according to the present 
invention; 

Figs. 9A and 9B are diagrams useful in describing 
the construction and operation, respectively, of a SIR 
5 detector; 

Fig, 10 is a block diagram showing a fifth 
embodiment of a CDMA receiver according to the present 
invention ; 

Fig. 11 is a grapliical representation useful in 
1 0 describing control for changing over number of 

oversamplings according to the fifth embodiment; 

Fig, 12 is a block diagram showing a sixth 
embodiment of a CDMA receiver according to the present 
invention; 

15 Fig. 13, discussed hereinbefore, is a diagram showing 

the construction of a previously-considered CDMA transmitter; 

Fig. 14/ discussed hereinbefore, is a block diagram showing the 

construction of a previously-considered receiving device of a mobile 

station; 

20 Fig. 15, discussed hereinbefore, is a diagram useful in 

cfegdibing the ocnstocticn of a rratEted filter and illustrating a pcBncusly-ocTKidEiBd 

method of specifying despread timing; 

Fig. 16, discussed hereinbefore, is an explanatory view shewing the 

relationship between number of oversamplings and 
25 correlation-value output according to a previously -considered method; and 

Fig. 17, discussed hereinbefore, is a diagrari useful in describing a 

transition in number of oversamplings. 
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(a) First embodiinent 

Fig. 1 is a block diagram showing a first 
embodiment of a CDMA receiver according to the present 
invention. According to this embodiment, reception 
5 field strength is detected and the number of 

oversamplings of a matched filter is controlled in 
conformity with the detected value. 

As shown in Fig. 1 , the .CDMA receiver includes an 
antenna 51, a wireless unit 52 for subjecting the signal 
10 received by the antenna 51 to high-frequency 

amplification and for effecting a conversion from radio 
frequency to intermediate frequency, and a baseband unit 
53 for performing QPSK quadrature detection to output 
analog I, Q signals, converting the analog I, Q signals 
15 to digital I, Q data and outputting this data. An AD 
converter (described later) in the baseband xinit 53 
samples the analog 1, Q signals at an oversampling rate 
that is 2^ times the chip rate, converts these analog 
signals to digital data and outputs the digital received 
20 spread data sequence of the baseband. 

The CDMA receiver further includes a despreading 
circuit 54 for performing despreading by multiplying the 
Ir Q data, which is output by the baseband unit 53, by a 
spreading code sequence generated using a spreading code 
25 identical with that of the base station, a synchronous 
detector 55a for performing synchronous detection, a 
code-discrimination/error-correction unit 55b for 
performing data discrimination and error correction, a 
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SIR (Signal Interference Ratio) detector 56 for 
detecting and outputting SIR, and a spreading-code 
sequence generator 57 for generating a reference code 
sequence at a predetermined spreading code timing. 

The CDMA receiver further includes a matched filter 
(correlator) 58 the input to which is the received 
spread data sequence of the baseband that has been 
converted to the digital data at the over sampling rate 
that is 2» times the chip rate. The matched filter 58 
calculates and outputs the correlation value between the 
received spread data sequence and the reference code 
sequence. The CDMA receiver further includes a timing 
detector 59 for detecting the timing at which the 
correlation value output from the matched filter 58 is 
15 largest. This timing is adopted as at which despreading 
starts . 

Also included is an RSSI detector 60 for detecting 
the RSSI (Receive Signal Strength Indication) . The RSSI 
detector 60 detects the RSSI from the output of an 

20 intermediate-frequency amplifier in the wireless unit 52 
or from the detection output of the baseband Tonit 53- A 
sampling controller 61 controls the sampling frequency, 
(number n of over samplings) of the matched filter 58 
based upon the acceptability of the state of reception, 

25 namely the reception field strength, and generates a 

clock signal Cspl having the above-mentioned frequency. 
The nvunber n of oversamplings means that the sampling 
frequency is n times the chip frequency. 
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Fig. 2 is a block diagram showing the construction 
of the wireless unit and baseband xmit* The wireless 
unit 52 includes an. antenna tuner 52a, a high-frequency 
multiplier 52b, a frequency converter 52c for converting 
5 an RF signal to an IF signal, an IF amplifier 52d and an * 
AGC circuit 52e for controlling the gain of the high- 
frequency amplifier 52b based upon the IF output level, 
whereby control is carried out in such a manner that the 
IF output will become a fixed value. The RSSI detector 
10 (Fig. 1) detects the RSSI from the output of the 

amplifier 52d. The baseband unit 53 includes a QPSK 
quadrature detector 53a for performing QPSK quadrature 
detection to output I, Q signals, and an AD converter 
53b for converting the analog I, Q signals to digital I, 
15 Q data (the spread data sequence of the baseband) based 
upon the clock signal Cspl of a prescribed sampling 
frequency output by the sampling controller 61 . The AD 
converter 53b outputs the I, Q data. 

Fig, 3 is a diagram showing the construction of 
20 circuits peripheral to the sampling controller 61 , 

Components in Fig, 3 identical with those shown in Figs, 
1 and 2 are designated by like reference characters. 
The sampling controller 61 has a ROM table 61a in which 
have been written beforehand oversampling numbers of the 
25 matched filter 58 that are optirnxom for detected RSSI 
values. For example, (1) 50 dB^ has been stored as a 
first threshold value SH4 of reception field strength to 
change the number of oversamplings from 2^ (=4) to 2^ 
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(= 8) or from 8 to 4 , and (2) 20 6B\x has been stored as 
a second threshold value SE8 of reception field strength 
to change the number of over samp lings from 2^ (^8) to 
2^ (= 16) or from 16 to 8. The sampling controller 61 
5 further includes a control circuit 61b for deciding the 
number of oversamplings (the oversampling frequency) 
based upon the RSSI value, and a variable clock 
generator 61c for generating the clock signal Cspl ^ 
sampling frequency that conforms to the number of 

10 oversamplings decided. The output clock of the variable 
clock generator 61c and the spreading code timing that 
enters the spreading-code sequence generator 57 are 
synchronooxsly controlled. 

Fig. 4 is a flowchart of processing executed by the 

15 control circuit 61b of the sampling controller 61 to 

decide the number of oversamplings. This is a case in 
which the number of oversamplings is switched ajnong 4, 8 ■ 
and 1 6 in dependence upon .the reception field strength. 
When the CDMA receiver is activated, the number N 

20 of oversamplings is set initially to 8 (step 101). The 
control circ\iit 61b then accepts RSSI values from the 
RSSI detector 60 at predetermined time intervals (step 
102), calculates the average value AVG of these values 
and stores it (step 103). After calculating the average 

25 value, the control circuit refers to the ROM table 61a, 
reads in the first threshold value SH4 (= 50 dB^i) (step 
104) and determines whether AVG > SH4 .(« 50 dB|a) holds 
(step 105). If AVG > SH4 holds, i.e., if the state of 
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receptiorx is good, the control circuit reduces the 
number N of oversamplings to 4 (step 106). Control then 
returns to step 102, whence processing is repeated. 

If it is found at step SI 05 that AVG <. SH4 (= 50 
5 dB^) holds, the control circuit refers to the ROM table 
61a, reads in the 'second threshold value SH8 (= 20 dB^) 
(step 107) and determines whether AVG > SH8 (= 20 dB^i) 
holds (step 108). If AVG > SH8 holds, i.e., if the 
reception field strength is 20 to 50 dBja, meaning that 

10 the state of reception is ordinary or not that bad, the 
control circuit makes the number N of oversamplings 
equal to 8 (step 109). Control then returns to step 
102, whence processing is repeated. 

If it is found at step SI 08 that AVG ^ SH8 (= 20 

15 dBn) holds, namely that the state of reception is poor., 
the control circuit makes the number N of oversamplings 
equal to 16 (step 110). Control then returns to step 
102, whence processing is repeated. 

Thus, if the state of reception is good, the number 

20 of oversamplings is reduced and the operating speed of 
the matched filter is lowered, thereby making it 
possible to reduce power consiamption. If the state of 
reception is poor, the number of oversamplings is 
enlarged to improve the precision with which despread 

25 timing is detected. 

Though the foregoing relates to a case where the 
number of oversamplings is changed over among three 
stages in conformity with the reception field strength. 



an arrangement can be adopted in which the changeover is 
between two stages or among fotir or more stages, 
(b) Second embodiment 

Fig. 5 is a block diagram showing a second 
5 embodiment of the present invention. Components in Fig. 
5 identical with those of the first embodiment shown in 
Fig. 1 are designated by like reference characters. 
This embodiment differs from the first embodiment in 
that the RSSI detector 60 is deleted and is replaced by 

10 an AGC voltage detector 65 for detecting AGC (Automatic ^ 
Gain Control) voltage, and in that the sampling 
controller 61 decides whether the state of reception is 
acceptable based not upon an RSSI value but upon the AGC 
voltage and controls the number of oversamplings of the 

15 matched filter 58 based upon the AGC voltage. 

If the state of reception is good, the output of 
the XF amplifier 52d (see Fig, 2) increases and the AGC 
control voltage, which is the output of the AGC circuit 
52e, decreases. Conversely, if the state of reception 

20 is not good, the output of the IF amplifier 52d 

decreases and the AGC control voltage increases. The 
AGC voltage detector 65 detects the AGC control voltage 
and inputs a signal indicative thereof to the sampling 
controller 61 . If the AGC control voltage is low, the 

25 state of reception is good. The sampling controller 61 
therefore reduces the number of oversamplings and lowers 
the operating speed of the matched filter 58. If the 
AGC control voltage is high, the state of reception is 
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poor. The sampling controller 61 therefore increases 
the number of oversamplings and raises the operating 
speed of the matched filter 58- It should be noted that 
the number of oversamplings can be controlled over two 
5 or more stages based upon the value of the AGC control 
voltage. 

The foregoing relates to a case where the gain of 
the AGC amplifier is controlled by the AGC control 
voltage to make the output constant, A step attenuator 

10 can be used instead of the AGC amplifier and the 

attenuation factor thereof can be controlled to provide 
a constant output. In such case the n\imber of 
oversamplings would be controlled based upon the step- 
attenuator control voltage. 

15 (c) Third embodiment 

Fig. 6 is a block diagram showing a third 
embodiment of the present invention. Components in Fig, 
6 identical with those of the first embodiment shown in 
Fig. 1 are designated by like reference characters. 

20 This embodiment differs from the first embodiment in 

that the RSSI detector 60 is deleted and is replaced by 
a power detector 70 for detecting the power of the 
output signal (despread signal) of the synchronous 
detector 55ar and in that the sampling controller 61 

25 decides whether the state of reception is acceptable 
based upon the despread-signal power and changes over 
the number of oversamplings of the matched filter 58 
based upon the power of the despread signal. 
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The power of the despread signal is high if the 
state of reception is good and is low if the state of 
reception is not good. The power detector 70 detects 
the power of the despread signal and inputs a signal 
5 indicative thereof to the sampling controller 61 • The 
latter refers to the despread-signal power that enters 
from the power detector 70 and, if the power is high, 
regards this as being indicative of good reception, 
reduces the number of oversamplings and lowers the 

10 operating speed of the matched filter • If the power is 
low, on the other hand, the sampling controller 61 
regards this as being indicative of poor reception, 
increases the number of oversamplings and raises the 
operating speed of the matched filter. It should be 

15 noted that the sampling controller 61 is capable of 

controlling the number of oversamplings over two or more 
stages based upon the value of the value of the 
despread-signal power. 

In case of a single code in which a spread data 

20 sequence from a base station is received using one base- 
station code (spreading code) , the power of the despread 
signal can be used as a control parameter as is. 
However, in case of a multicode in which spread data 
sequences from a plurality of base stations are received 

25 simultaneously using a plurality of base-station codes, 
as when soft handoff is performed, the minimum power is 
obtained from among the despread-signal powers obtained 
by despreading the spread data sequences from the 
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respective base stations, and the nmnber of 
oversamplings is decided based upon this minimmn power. 

Fig. 7 is a diagram showing an arrangement for 
calculating the power of a despread signal. Here MP 
5 represents a multiplier and AVR stands for an average- 
value circuit. An I (in-phase) signal and a Q 
(quadrature) signal obtained by despreading and 
synchronous detection are related as follows if 
expressed in I-Q complex notation: I+jQ - 
10 (i2+q2) l/2exp(je) . Accordingly, the multiplier MP 

multiplies r (= I+jQ) and its complex conjugate r* (= I- 
jQ) together, after which the product is averaged by the 
average-value circuit AVR, the output of which is power 
(i2+q2) . 

15 (d) Fourth embodiment 

Fig, 8 is a block diagram showing a fourth 
embodiment of the present invention. Components in Fig. 
8 identical with those of the first embodiment shown in 
Fig, 1 are designated by like reference characters. 

20 This embodiment differs from the first embodiment in 
that the RSSI detector 60 is deleted, and in that the 
sampling controller 61 decides whether the state of 
reception is acceptable based upon the SIR and changes 
over the nximber of oversamplings of the matched filter 

2 5 58 based upon the SIR. According to the third 

embodiment, the state of reception is considered to be 
good if the power of the despread signal is high. 
However, there are instances where the amount of 
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interference is great, and the state of reception cannot 
be considered good when such is the case. In other 
words, the state of reception is not necessarily good 
just because the power of the despread signal is large. 
5 On the other hand, if the state of reception is good, 
the SIR is always large and, if the state of reception 
is poor, the SIR is always small. 

The SIR detector 56 detects the SIR and inputs a 
signal indicative thereof to the sampling controller 61 . 

10 The latter judges the magnitude of the SIR input thereto 
from the SIR detector 56. If the SIR is large, this 
means that the state of reception is good and, hence, 
the sampling controller 61 reduces the nxunber of 
oversamplings and lowers the operating speed of the 

15 matched filter. If the SIR is small, this means that 

the state of reception is poor and, hence, the sampling 
controller 61 increases the number of oversamplings and 
raises the operating speed of the matched filter- It 
should be noted that the sampling controller 61 is 

20 capable of controlling the number of oversamplings over 
two or more stages based upon the SIR. 

Fig. 9A is a diagram showing the construction of 
the SIR detector. As shown in Fig. 9A, the device 
includes a signal -point position altering unit 56a 

25 which, as shown in Fig. 9B, converts a position vector R 
(whose I and Q components are Ri and Rq, respectively) 
of a received signal point in the I-jQ complex plane to 
a point in the first quadrant of the plane. More 
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specifically, the signal-point position altering "unit 
56a takes the absolute values of the I component (in- 
phase component) Rj and Q component (quadrat\ire 
component) Rq of the position vector R of the received 
5 signal point to convert this position vector to a signal 
in the first quadrant of the I-jQ complex plane. The 
SIR detector further includes an averaging arithmetic 
unit 56b for calculating the average value m of N 
symbols of the received-signal point position vector, a 
10 desired wave power arithinetic xxnit 56c for calculating 

(the power S of the desired signal) by squaring the I 
and Q components of the average value m and summing the 
squares, and a received-power calculation unit 56d for 
squaring the X and Q components Rj, Rq of the position 
15 vector R of the received signal point and summing the 

squares, i.e., for performing the following calculation: 
P = Ri2 + Rq2 

to thereby calculate the received power P. The SIR 
detector further includes an average-value arithmetic 

20 unit 56e for calculating the average value of received 
power, a subtracter 56f for subtracting m^ (the power S 
of the desired wave) from the average value of the 
received power, thereby outputting interference wave 
power I, and a SIR arithmetic unit 56g for calculating 

25 the SIR from the desired wave power S and interference 
wave power I in accordance with the equation 
SIR = S/I 

(e) Fifth embodiment 
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Fig. 10 is a block diagram showing a fifth 
embodiment of the present invention. Components in Fig. 
10 identical with those of the first embodiment shown in 
Fig. 1 are designated by like reference characters. 
5 This embodiment differs from the first embodiment in 

that the RSST detector 60 is deleted and is replaced by 
a BER measizrement unit 80, and in that the sampling 
controller 61 decides whether the state of reception is 
acceptable based upon the BER (Bit Error Rate) and 

10 changes over the number of oversamplings of the matched 
filter 58 based upon the BER value. 

The code-discrim±nation/error-correction unit 55b 
performs error detection and correction using an error 
correction code attached to the data in advance, outputs 

15 the identified code and inputs an error detection signal 
to the BER measurement unit 80 when an error is 
detected. The BER measurement \init 80 counts error 
detection signals and inputs the error detection count 
per fixed time interval to the sampling controller 61 as 

20 the BER. The sampling controller 61 compares the 

magnitude of the BER with a threshold value. If the BER 
is small, this means that the state of reception is good 
and, hence, the sampling controller 61 reduces the 
number of oversamplings and lowers the operating speed 

25 of the matched filter. If the BER is small, this means 
that the state of reception is poor and, hence, the 
sampling controller 61 increases the ntimber of 
oversairtplings and raises the operating speed of the 
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matched filter. It should be noted that the sampling 
controller 61 is capable of controlling the number of 
over samplings over two or more stages based upon the 
SIR. 

5 Fig. 11 is a graphical representation useful in 

describing control for changing over number of 
oversamplings according to the fifth embodiment. 
Numeral 1 in Fig. .11 denotes a BER - C/N ratio 
characteristic at the time of four oversamplings (n = 
10 4) , 2 a BER - C/N ratio characteristic at the time of 
eight oversamplings, and 3 a BER - C/N ratio 
characteristic at the time of 16 oversamplings. If the 
threshold value of BER which is the criterion for 
chajaging the nxamber of samplings is 1 X 10"^, then the 

1 5 number of oversamplings will undergo a transition as 

indicated by the bold lines in Fig, 11. That is, four 
over sampling is performed at C/N ratio > 15,6 dB, eight 
sampling at 13 dB < C/N ratio < 15,6 dB, and 16 
oversampling at C/N ratio < 13 dB. 

20 The foregoing relates to a case where BER is 

measured by error detection based upon an ECC code. 
However, it is possible to insert a unique word such as 
a synchronous word or a known bit sequence into slots on 
the transmitting side in advance, measure the average 

25 bit error rate (BER) on the receiving side within a 

fixed time period such as a frame unit using this bit 
sequence, and control the number of oversamplings of the 
matched filter 58 in dependence upon the results of 
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measurement . 

(£) Sixth embodiment 

Fig. 12 is a block diagram illustrating the 
construction of a sixth embodiment of the present 
invention. This embodiment controls the number of 
oversamplings over a plurality of stages. Components in 
Fig. 12 identical with those of the first to fifth 
embodiments are designated by like reference characters. 
The sixth embodiment (1) controls the number of 
oversamplings of the matched filter 58 based upon the 
reception signal strength (RSSl value) or AGC control 
voltage value at an initial stage of control in which 
channel estimation is not possible, (2) performs control 
to optimize the number of oversamplings of the matched 
filter based upon the desp read- signal power or SIR in 
the next stage, in which despreading becomes possible, 
and (3) finely adjusts the number of oversamplings of 
the matched filter based upon the BER value in the final 
stage, in which the BER is obtained. 

More specifically, at the initial stage of control, 
in which channel estimation is not possible, the RSSI 
detector 60 or AGC voltage detector 65 detects the 
reception signal strength RSSI or AGC control voltage 
and inputs the detected value to the sampling controller 
61 . The latter controls the number of oversamplings of 
the matched filter 58 based upon the detected value. 

Next, when the' state in which despreading is 
possible is attained, the SIR detector 56 or despread- 
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signal power detector 70 -detects the SIR or despread- 
signal power and inputs the detected value to the 
sampling controller 61, The latter controls the number 
of over samplings of the matched filter 58 based upon the 
5 detected value. 

Finally, when the state in which the BER is 
obtained is attained, the BER measixrement unit 80 
measures the BER and inputs the detected value to the 
sampling controller 61 . The latter controls the number 
1 0 of oversamplings of the matched filter 58 based upon the 
BER value. 

" Thus, in accordance with the foregoing, the number 
of oversaxitplings of the matched filter can be controlled 
from the initial * stage of control. As a result, the 
15 number of oversamplings can be controlled at high speed. 
Moreover, control for optimizing the number of 
oversamplings and control for shortening the time for 
convergence of the number of oversamplings becomes 
possible • 

20 The foregoing relates to a case where the ntimber of 

oversamplings. is controlled in three stages* However, 
it is possible to adopt an arrangement in which any one 
of the three stages is eliminated to enable two-stage 
control, or in which the detection of each stage is 

25 s-ubdivided to enable control of several stages. 

Further, in order to speed up control-loop 
convergence and achieve optimization in the control of 
the number of oversamplings in each stage, it is 



- 28 - 



possible to apply weighting to the control coefficients. 

In an entxiiiirent of the present invention as 

described above, the number of oversamplings is reduced 
and the operating speed of the matched filter is lowered 
5 if the state of reception is good. The operating speed 
of the matched filter is raised to improve the precision 
with which despread timing is detected only if the state 
of reception is poor. This makes it possible to reduce 
power consumption. Moreover, the precision with which 
10 despread timing is detected can be improved even in a 
case where the state of reception is not good. 

FUrdET, in arbadinent of the present invention, 

(1 ) a field-strength detector for detecting the electric 
field strength of a received signal, (2) an AGC control- 
15 voltage detector for detecting the control voltage of an 
AGC circuit, (3) a power detector for detecting signal 
power after despreading is performed, (4) a SIR detector 
for detecting the SIR after despreading is performed, or 
(5) a bit error-rate detector for detecting the bit 
20 error rate of a received code can be used as the 

reception-state detector for detecting the state of 
reception. In such an embodiment, 
therefore, it is possible to employ the appropriate 
means to reduce power consumption and improve the 
25 precision with which despread timing is detected. 

Rirtter, in an arbacdmant c£ the present invention, 

sampling rate is controlled in dependence upon the 
reception field strength or AGC control voltage at the 



initial stage of control, then sampling rate is 
controlled in dependence upon despread-signal power or 
SXR, and sampling rate is controlled further based upon 
the bit error rate* As a result, the sampling rate of a 
matched filter can be controlled from an early stage at 
which channel estimation has not yet been made, such as 
at the time of initial start-up, the time needed for 
optimization of the sampling rate and for convergence of 
control can be shortened and power consumption of the 
CDMA receiver can be reduced. 

As described above, an embodiment of the present 
invention can provide a CDMA receiver for receiving a 
signal containing data that has been spread by a 
predetermined spreading code sequence, calculating a 
correlation value between a reference code sequence and 
a spread data sequence obtained by sampling the 
received signal at a predetermined sampling rate, and 
adopting, as despread start timing, the timing at which 
the correlation value is maximized. 

As many apparently widely different embodiments of 
the present invention can be made without departing from 
the spirit and scope thereof, it is to be \inderstood 
that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
claims • 



CLAIMS : 

1 . A CDMA receiver for receiving a signal containing 
data that has been spread by a predetermined spreading 
code sequence, calculating a correlation value between a 
reference code sequence and a spread data sequence 
obtained by sampling the received signal at a 
predetermined sampling rate, and adopting, as despread 
start timing, the timing at which the correlation value 
is maximized, the CDMA receiver comprising: 

a reception-state detector for detecting state of 

reception; 

a sampling controller for deciding sampling rate in 
conformdty with the state of reception; 

a correlator for calculating a correlation between 
a reference code sequence and a spread data sequence, 
which is obtained by sampling a received signal at said 

saimpling rate; and 

a timing detector for- obtaining a timing at which 

the correlation value is maximized. 

2. The 'receiver according to claim 1, wherein said 
sampling controller performs control in such a manner 
that the sampling rate is lowered if the state of 
reception is good. 

3. The receiver according to claim 2, wherein said 
reception-state detector includes a reception field- 
strength detector for detecting electric field strength 
of a received signal; and 

said sampling controller decreases a number n of 
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over samplings when field strength is strong and 
increases the n\amber n of oversamplings when the field 
strength is weak, where the number of over. samp lings is 
defined as being n when sampling frequency is n times a 
5 chip frequency of the spreading code sequence. 

4 . The receiver according to claim 2 , wherein said 
reception-state detector has an AGC control voltage 
detector for detecting control voltage of an AGC 
circuit; and 

10 said sampling controller decreases a number n of 

over samplings when the AGC control voltage is low and 
increases the number n of oversamplings when the AGC 
control voltage is high, where the number of 
oversamplings is defined as being n when sampling 

1 5 frequency is n times a chip frequency of the spreading 
code sequence. 

5. The receiver according to claim 2, wherein said 
reception-state detector has a power detector for 
detecting signal power after despreading; and 

20 said sampling controller decreases a nximber n of 

oversamplings when the signal power is high and 
increases the number n of oversamplings when the signal 
power is low, where the nxomber of oversamplings is 
defined as being n when sampling frequency is n times a 

25 chip frequency of the spreading code sequence. 

6. The receiver according to claim 2, wherein said 
reception-state detector has a SIR (Signal Interference 
Ratio) detector for detecting SER after despreading; and 
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said sampling controller decreases a number n of 
over samplings when the SIR is high and increases the 
number n of over samp lings when the SIR is low, where the 
nvimber of oversaraplings is defined as being n when 
sampling frequency is n times a chip freqfuency of the 
spreading code sequence. 

7. The receiver according to claim 2, wherein said 
reception-state detector has a bit error-rate detector 
for detecting bit error rate of a received code; and 

said sampling controller decreases a number n of 
oversamplings when the bit . error rate is low and 
increases the number n of oversaraplings when the bit 
error rate is high, where the number of oversamplings is 
defined as being n when sampling frequency is n times a 
15 chip frequency of the spreading code sequence - 

8. The receiver according to claim 1, wherein said 
sampling controller controls the sampling rate in 
dependence upon reception field strength or AGC control 
voltage at an initial stage of control, and then 
controls the sampling rate in dependence upon signal 
power or SIR after despreading. 

9. The receiver according to claim 1, wherein said 
sampling controller controls the sampling rate in 
dependence upon reception field strength or AGC control 
voltage at an initial stage of control, then controls 
the sampling rate in dependence upon signal power or SIR 
after despreading, and then controls the sampling rate 
in dependence upon bit error rate. 
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10. A CDMA receiver substantially as hereinbefore 
described with reference to any of Figures 1 to 12 of 
the accompanying drawings. 
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